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The  Schiff  base  2-[(E)-(quinolin-3-ylimino)methyl]phenol  (H-QMP)  was  crystallized  in  Pc  space  group  and
complexed  with  Ni(II)  and  Co(II)  in  [M(QMP)2]  and  Cu(II)  and  Zn(II)  in [M(QMP)(CH3COO)]H2O  composi-
tions.  Elemental  analyses,  mass  spectrometry,  IR, UV–vis  spectroscopy,  conductance  study  and  magnetic
susceptibilities  were  used  to characterize  the complexes.  The  thermograms  obtained  in the  range  of
30–1000 ◦C  were  used  for kinetic  and  thermodynamic  calculations.  The  activation  energies  and  order
of  pyrolysis  were calculated  using  Horowitz–Metzger  method.  The  calculated  activation  energies  were
subsequently  used  for the  calculations  of  thermodynamic  parameters  including  �S*,  �H* and  �G*.  It
chiff base ligand
oordination compounds
rease and �-chymotrypsin inhibitory
ctivities
olecular modeling study

hermo gravimetric analysis

was  found  that  the  thermal  stability  and  activation  energy  follow  the  order  Cu(II)  >  Ni(II)  >  Co(II)  >  Zn(II)
and  E∗

Ni >  E∗
Cu > E∗

Co >  E∗
Zn, respectively.  All  the  compounds  were  also  studied  for  their urease  and  �-

chymotrypsin  inhibition,  showing  medium  to moderate  activities  for  both  the  enzymes  except  nickel
complex.  Nickel  complex  shows  IC50 = 9.9 ± 0.124  �M ±  SEM,  and  the  activity  was  rationalized  by  carrying
out  molecular  modeling  studies.
inetic and thermodynamic study

. Introduction

Nickel containing enzyme, urease, is involved in the rapid
ydrolysis of urea to form ammonia and carbamate. The carba-
ate consequently multiplies again to produce another molecule

f ammonia. This enzymatic behavior can be seen in various orga-
isms like algae, fungi, bacteria and even human beings which
auses an abrupt elevation in the blood pH with side effects like
ell death, kidney failure, severe ulcer, urolithiasis, pyelnephritis,
nd hepatic encephalopathy, hepatic coma and urinary catheter
ncrustation [1–14]. The structure of this unique enzyme had
een studied in detail by Musiani et al. using DOCK for calculat-

ng stability based on energies of the enzyme. The structure of

he enzyme shows the terminal OH groups which are directly
nvolved in covalent bond formation when the enzyme interacts

∗ Corresponding author. Tel.: +92 334 9321879.
E-mail address: ikram.chemistry@suit.edu.pk (M.  Ikram).

040-6031/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.tca.2013.03.026
© 2013 Elsevier B.V. All rights reserved.

with tested molecules or it form hydrogen bonds with the interac-
ting molecules as shown in Scheme 1 [15].

Due to the diverse functions of this enzyme, its inhibition by
potent and specific compounds could provide an invaluable addi-
tion for treatment of infections, and secondary complexes such
as pus formation and ulcer caused by urease-producing bacte-
ria. Such kind of inhibitors can inhibit the enzymatic actions by
attaching either to the OH groups of the enzymes or by just only
hydrogen bond formation. Metal complexes which have the abil-
ity to interact with anionic centers like OH groups can effectively
inhibit urease. Therefore we synthesized the metal complexes of
salicyldehyde derived Schiff base ligand. Schiff base ligand was pre-
pared by the condensation of salicyldehyde with 3-aminoquinoline.
Schiff base derivatives of salicylaldehydes were treated as monoan-
ionic ligands and were employed as bidentate ligands coordinating
through N/O sites of attachments. We  have communicated about

the structural features of the compounds where H-QMP is acting
as ligand can be seen in our already reported work [16]. In the
recent years, there has been considerable interest in the chem-
istry of transition metal complexes of Schiff bases which offer

dx.doi.org/10.1016/j.tca.2013.03.026
http://www.sciencedirect.com/science/journal/00406031
http://www.elsevier.com/locate/tca
mailto:ikram.chemistry@suit.edu.pk
dx.doi.org/10.1016/j.tca.2013.03.026
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Scheme 1. Mechanism of interaction of inhibitors with urease.

pportunities for inducing substrate chirality and reorientations in
eometry around the metal center thereby tuning electronic con-
guration of the metal center [17–21]. Schiff bases have been also

ound to enhance the solubility and stability of either homoge-
eous or heterogeneous catalysts [22–27]. Herein we  report the
ynthesis and crystal structure of a monoanionic ligand. Apart
rom it the same metal complexes were also tested for their �-
hymotrypsin inhibitory activities. �-Chymotrypsin (EC 3.4.21.1),

 protease, which is secreted from pancreas, catalyzes the break-
own of polypeptide and proteins. If the precursor of chymotrypsin,
he chymotrypsinogens is cleaved to form active enzyme before
he target side, then it digest the tissues inside body such as in
ases of pancreatitis [28,29]. �-Chymotrypsin has been found to be
nvolved in clearance of ulcer, digesting damaged tissue and debris
n the infected site [20–29]. Therefore a drug which is active against
rease activities and inactive against �-chymotrypsin may  help in
ealing the peptic ulcers, etc. very efficiently. Here we  are reporting
he structural details of H-QMP along with thermal degradation
tudies in continuation to our previous work reported [30]. The
hermal data was used for the calculation of kinetic and thermody-
amic parameters. All the compounds were also studied for their
rease and �-chymotrypsin inhibitory activities. Nickel complex
as found to be much more active than the standard drug.

. Experimental

The detailed synthesis and characterization can be found in our
arlier report [16]. The codes assigned to the compounds follow the
rend given below:

2-[(E)-(quinolin-3-ylimino)methyl]phenol (H-QMP)
Bis(2-[(E)-(quinolin-3-ylimino)methyl]phenolato)nickel(II) (1)
Bis(2-[(E)-(quinolin-3-ylimino)methyl]phenolato)cobalt(II) (2)
2-[(E)-(quinolin-3-ylimino)methyl]

henolatoacetatoaquocopper(II) (3)
2-[(E)-(quinolin-3-ylimino)methyl]

henolatoacetatoaquozinc(II) (4).

.1. Urease inhibition assay

Exact 25 �L of enzyme (jack bean urease) solution and 5 �L
f test compounds (0.5 mM concentration) were incubated with
5 �L of buffers containing 100 mM urea for 15 min  at 30 ◦C in each
ell of 96-well plates. Ammonia production was measured as a
rease activity by indophenol method. Final volumes were main-
ained as 200 �L by adding 45 �L phenol reagent (1%, w/v phenol
nd 0.005%, w/v sodium nitroprussside), and 70 �L of alkali reagent
0.5%, w/v NaOH and 0.1% active chloride NaOCl) to each well. Using

 microplate reader (Molecular Devices, CA, USA), the increase in
bsorbance was measured at 630 nm after 50 min  at pH 6.8 [27,28].

.2. ˛-Chymotrypsin inhibition assay

This was performed in 50 mM Tris–HCl buffer pH 7.6 with

0 mM CaCl2 according to Cannell et al. [29] with the slight modifi-
ation. �-Chymotrypsin (12 units/mL prepared in buffer) with the
arious concentrations of test compound (prepared in DMSO) was
ncubated at 30 ◦C for 25 min. The reaction was started by adding
a Acta 562 (2013) 22– 28 23

N-succinyl-l-phenylalanine-p-nitroanilide (prepared in buffer) at
final concentration of 0.4 mM.  The change in absorbance was  con-
tinuously monitored at 410 nm.

2.3. Crystal structure determination

Suitable single crystal for X-ray structural analyses of H-QMP
were mounted on a glass fiber, and the respective data were
collected on Oxford diffractometer (graphite-monochromated Mo
K� radiation, � = 0.71073 Å) at 298 K. The structures were solved
with the olex2.solve [31] refined against all data by full-matrix
least-squares methods on F2 (SHELXL-97) [32]. All non-hydrogen-
atoms were refined with anisotropic displacement parameters. The
hydrogen atoms were refined isotropically on calculated positions
using a riding model with their Uiso values constrained to 1.5 Ueq of
their pivot atoms for terminal sp3 carbon atoms and 1.2 times for all
other carbon atoms. Crystallographic details are given in the sup-
plementary information file. CCDC-885677 (H-QMP) data can be
obtained free of charge from the Cambridge Crystallographic Data
Center via www.ccdc.cam.ac.uk/data request/cif.

2.4. Docking

The molecular docking of the inhibitor with the 3D crystal struc-
ture of urease from Bacillus pasteurii downloaded from protein data
bank (PDB code: 4UBP) was  performed with AutoDock Vina pro-
gram [33]. Autodock Tool was used to remove water molecules and
non-standard protein residues from the urease enzyme. The polar
hydrogens were added and charges were assigned with Gasteiger
method. The active sites were defined and the structure of the
enzyme as receptor in the required pdbqt format was saved. The
docking site on the receptor macromolecule was  defined by fixing
the grid box with the dimensions 40 × 40 × 40 Å with grid spacing
of 0.375 Å centered on Ni841 in the active site of the protein.

3. TG–DTA analysis

The TG–DTA analyses were carried out using TG/DTA Diamond
model by Perkin Elmer at heating rate 10 ◦C min−1 in tempera-
ture range 30–1000 ◦C under static air. Specific mass of samples
were contained in ceramic pans crucibles adjusted on platform
support giving a proportional signal to recorder, observed by com-
puter interface and the results were plotted in the form of mass loss
of sample vs. temperature for TG and microvolts vs. temperature
for DTA. All the results were referenced to thermal decomposi-
tion of alumina. The activation energies of all the samples were
calculated using Horowitz–Metzger method [34]. It was  found
that linear plots can be obtained while ln ln(Wo − W f

t )/(W − W f
t )

{where Wo  = initial mass taken, W = weight remaining at a given
temperature, W f

t = final weight} were plotted against � {where
� = Tc − Ts}. The slope of the straight line was used to calculate the
activation energy through the expression (1):

Slope = E∗

RT2
s

(1)

Order of decomposition was  calculated from the relationship
between reaction order and concentration at maximum slope [34].
Thermodynamic parameters of activation were evaluated by using
the following expressions (2)–(4), respectively [35]:

�S∗ = 2.303 log
[

Ah

kBTs

]
R (2)
�H∗ = �E∗ − RT (3)

�G∗ = �H∗ − T�S∗ (4)

http://www.ccdc.cam.ac.uk/data_request/cif
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Table 1
Crystal data and structure refinement for H-QMP.

Identification code H-QMP
Empirical formula C17H13N2O
Formula weight 248.27
Temperature (K) 293
Crystal system Monoclinic
Space group P1c1

a (Å) 8.9245(11)
b (Å) 6.3535(7)
c  (Å) 12.318(2)
˛ (◦) 90.0
ˇ  (◦) 116.288(11)
� (◦) 90.0
Volume (Å3) 626.22(16)
Z  1
2� range for data collection 6.42–56.16◦

Index ranges −11 ≤ h ≤ 11, 0 ≤ k ≤ 8, −15 ≤ l ≤ 15
Reflections collected 5061
Independent reflections 4097[R(int) = 0.0297]
Data/restraints/parameters 4097/0/344
Goodness-of-fit on F2 1.409528
Final R indexes [I ≥ 2�(I)] R1 = 0.092214
M = Co(OAc)
2
 and  Ni(OAc)

2

Scheme 2. Metal complexation by H-QMP.

. Results and discussion

The ligand H-QMP was synthesized by condensing salicyalde-
yde with 3-aminquinoline to yield the phenolic Schiff base ligand
16]. The ligand H-QMP was  reacted with the divalent metal ions of
i, Co, Cu and Zn as shown in Scheme 2. The synthetic methods and

he structural features were discussed in our earlier report [16].

.1. Crystal structure of H-QMP

The ligand H-QMP co-crystallizes out from the concentrated THF
olution in Pc space group. The cocrystallization was handled with
ree variables but the atoms on identical positions were refined
ointly (i.e. same position, same displacement factors but comple-

enting occupation). About 70% is the wanted molecule and 30%
f the bisquinoline is present in the crystals obtained. There is a
ot of electron density between Schiff base N and phenolic O which
ould be a partial carbon (about 35% according to an initial test)
nd oxygen is only about 65% oxygen and about 35% nitrogen and
hat affects the hydrogen attached to the oxygen as well, same for
(3) (mixture of carbon and nitrogen). C(17) actually is not present

n the H-QMP core structure but due to accumulation of electron
ensity, it looks like a cyclic ring is produced.

The ORTEP plot (Fig. 1) of H-QMP shows that the plane
(10) C(11) C(12) C(13) C(14) C(15) C(16) is separated
y 1.34◦ from the plane produced by C(1) C(2) C(3) C(4)
(5) C(6) C(7) C(8) C(9) N(1) showing perfect copla-
arity between the aromatic rings. Whereas the plane of
(1) C(2) C(3) C(4) C(5) C(6) C(7) C(8) C(9) N(1) is sep-

◦
rated by 8.16 from the plane produced by N(3) C(7) C(2)N
howing that the molecule is not acting entirely as bisquinoline,
ather mixture of our synthesized Schiff base ligand and the co-
rystalized bisquinoline. The same behavior may  be observed by

Fig. 1. Molecular structure of H-QMP. H atoms are shown.
Final R indexes [all data] R1 = 0.142673
Largest difference peak/hole/e (Å−3) 1.039395/−0.369261

taking the planes C(10) C(11) C(12) C(13) C(14) C(15) C(16)
and N(3) C(7) C(2)N, being separated by 9.29◦. The torsion
in the C(16) N(3) O(1) N(2) C (2N) is greater by −6.58◦

than the torsion in C(14) C(15) C(16) C(11) revealing the
false nature of the aromatic ring produced by the atoms
N(3) O(1) C(17) N(2) C(2N). The intramolecular hydrogen
bonding between the imine nitrogen and the hydrogen of hydroxyl
group results in the formation of non-planar six membered dis-
torted rings. The bond length for this intra molecular hydrogen
bond was found to be 1.78 Å comparable to the O H· · ·N bond
length in C16H17NO2 [36]. A unique cress cross type arrangement
can be observed in the crystal lattice. This unique arrange-
ments is due to the hydrogen bonding explicitly connecting
aminoquinoline nitrogen with H(10) (2.471 Å). The CH N bond
distance is 1.332 Å which was found to be longer than the normal
bond length of imine linkage as found in (R)-4-methoxy-2-[(1-
phenylethyl)iminomethyl]phenol (1.283 Å) [37]. This may  be due
to presence of electron deficient aminoquinoline ring. The crystal
data is reported in Table 1 (Fig. 2).

4.2. Urease and ˛-chymotrypsin activities

Compounds can be classified into two  categories based on
their urease inhibitory activities (1) organic compounds which
include acetohydroxamic acid, humic acid, etc. and (2) heavy metal

2+ 2+ 2+ 2+
ions which include Cu , Zn , Pd , and Cd . Rarely metal com-
plexes were tested for the inhibition of urease and �-chymotrypsin.
Table 2 enlists the inhibition of urease and �-chymotrypsin by
all the tested metal complexes. The results reveal that nickel

Table 2
Inhibitory activities of 0.05 mM against �-chymotrypsin and urease enzymes.

Compound IC50 for �-chymotrypsin
(�M)  ± SEM

IC50 for urease
(�M)  ± SEM

H-QMP – –
1  – 9.9 ± 0.124
2  – –
3  – –
4  – –

Thioureaa – 21 ± 0.011
Chymostatinb 5.71 ± 0.13 –

a Standard inhibitor of urease.
b Standard inhibitor of �-chymotrypsin.
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Fig. 3. The binding mode of complex 1 in the active site of urease enzyme from
Bacillus pasteurii. Atom colors: blue-nitrogen, red-oxygen, green-carbon (inhibitor),

3.5 Å (Ocomplex· · ·H NArg339). The nitrogen atom of quinoline of the
ligand has the polar interaction with the hydroxyl group of Lys169
of the urease enzyme. The hydrogen-bonding distance is 3.3 Å
(Ncomplex· · ·H OLys). However, the complex also has hydrophobic
Fig. 2. Crystal packing pattern in H-QMP crystal lattice.

omplexes are much more active for urease inhibition than any
ther metal complex. At the same time it is observed that com-
lex 1 is showing much lower activity against �-chymotrypsin.
herefore nickel centered metal complexes of the H-QMP ligand
an help in designing selective drugs. This selectivity of the nickel
ontaining compound to inhibit urease may  be attributed to chela-
ion by H-QMP. Other metal complexes with the same ligand were
ot found to be so much active against any of the tested enzyme.
obalt centered complex of the ligand H-QMP is also showing activ-

ty which ranges from moderate inhibition of �-chymotrypsin to
he high activity for urease. By comparing 1 and 2 it can be con-
luded that nickel is selective inhibitor for urease. Previous study
n the urease activities have shown that metal complexes of Sn(IV),
u(II), Bi(III), Cu(II) and Cd(II) were found to be active [25]. Here we
re extending the inhibition of urease by nickel (II) complex of H-
MP. The inhibition of urease by 1 may  be explained by the possible

nteraction of the metal ion with OH bridge group in the enzyme.
his may  either lead to Ni Ni weak interaction as well which will
ffect the activity of enzyme. Therefore it can be presumed that

etal ions which are involved in the interaction with the bridg-

ng OH group will be active in the inhibition process [25]. Apart
rom it 2 is also showing inhibition of the urease enzyme upto some
xtent but unlike 1 is not selective by inhibiting chymotrypsin as
gray-carbon (enzyme), yellow-sulphur and cyan-Ni ion (inhibitor). Red dotted lines
show hydrogen bonds. (For interpretation of the references to color in the text, the
reader is referred to the web version of the article.)

well. Complexes 3 and 4 are not showing any convincing inhibition
for both the tested enzymes. Recently in our previous communica-
tion about the inhibition of urease by copper complexes has also
been reported. Copper square planar complexes were found much
more active than the Schiff base ligands [30]. Therefore it can be
concluded that square planar complexes are effective in inhibition
process as compared to tetrahedral 3 and 4.

4.3. Molecular docking study

In order to rationalize the structure-activity relationship (SAR),
the molecular docking of nickel complex 1 in the active sites of
urease enzyme from Bacillus pasteurii (PDB code: 4UBP) was per-
formed. The binding mode of 1 with urease enzyme is depicted
in Fig. 3 and the enzyme surface model is shown in Fig. 4.
The result revealed that the complex molecule was well filled
in the active pocket of urease enzyme. The chelating phenolic
oxygen atom of the complex formed hydrogen bond with the
amino group of Arg339 with the hydrogen-bonding distance of
Fig. 4. Binding mode of 1 with urease from Bacillus pasteurii. The surface show the
enzyme while the inhibitor is shown in sticks model. Colors of atoms: blue-nitrogen,
red-oxygen, green-carbon and cyan-nickel. (For interpretation of the references to
color  in the text, the reader is referred to the web version of the article.)
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Fig. 5. Thermogravimetric plots of H-QMP and its metal complexes.

Fig. 6. Differential thermogravimetric curves for H-QMP and its metal complexes.
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C32H22N4NiO2 → C2H5OH in cry stal lattice + C32H22N4NiO 2 I Stage

C32H22N4NiO2 → C30H20N2NiO2 + 2HCN II Stage

C30H20N2NiO2 → C18H12N2 + C10H+ 2CO +  NiO(Residue) III Stage

Scheme 4. Thermal degradation of 1.

C32H22CoN4O2 → CH3OH in cry stal  lattice + C32H22CoN4O2 I Stage

C32H22CoN 4O2 → C30H20CoN 2O2 + 2HCN II Stage

C30H20CoN2O2  → C18H14N2 + C10H + 2C O + Co O(Res idue) III Stage

Scheme 5. Thermal degradation of 2.

C18H16CuN 2O4 → H2O + HOCN +  C17H13CuNO2 I Stage

C17H13CuNO2 → 2CO2 + C15H13CuNO  II Stage
C16H12N2O → C2H2+ C7H5N+ C6H5 +1/2NO+ 1/2CO

Scheme 3. Thermal degradation of H-QMP.

nteractions with His324 and Cys322. The inhibitory activity of
omplex 1 against urease enzyme may  be due to the two  mentioned
ydrogen bonding and hydrophobic interactions with enzyme in
ctive pocket of urease enzyme.

.4. Thermodynamics and thermal studies

Thermal pyrolysis of H-QMP ligand and its metal complexes
ere evaluated in the range of 30–1000 ◦C in static air. The TG and
TA curves are shown in Figs. 5 and 6, respectively. The complexes
xhibited endothermic peaks corresponding to melting points and
ransition temperatures. Table 3 represents DTA and TG data for
chiff base ligand and its transition metal complexes. The TG curve
or H-QMP shows that the compound is stable up to 200 ◦C and
hen follow the degradation process. The temperature at which a
ompound starts its decomposition is represented by Td in Table 3.
d for 1, 2, 3 and 4 are 240, 190, 310 and 180 ◦C respectively.

By looking into Table 3, it is apparent that the ligand exhibit
ve DTA peaks marking the five products of pyrolysis. The very

arge negative value for entropy, shown in Table 4, explains the
table nature of the ligand, also confirmed by high activation energy
alue. H-QMP follows single degradation step (shown in Scheme 3),
roducing the benzene free radical, quinolone, nitric oxide, carbon
onoxide and acetylene, without any residue left at the end of

rocess. The degradation process completes at 610 ◦C.

Both 1 and 2 are nickel and cobalt complexes of the H-QMP

igand having identical crystal structures, follow the same trend in
egradation phenomenon. Both the complexes bear ethanol and
ethanol molecules in their crystal lattice respectively, which are
C15H13CuNO  → C9H7N + C6H6O + Cu (Res idu e) III Stage

Scheme 6. Thermal degradation of 3.

evolved first when the sample is heated. In the second step hydro-
gen cyanide moiety is produced with two DTA peaks for 1 and one
for 2. In the third step both compounds exhibit identical behavior
and produced two moles of quinolone in the form of free radicals
and two moles of phenolate free radicals. The quinolone free radical
moiety combined with each other to produce the stable bisquino-
line species. Similarly the two  phenolate free radicals might fuse
together to produce naphthalene and two moles of carbon monox-
ide gas. The two endothermic DTA peaks for this fragmentation
substantiate the results of TG data. In the last step both the com-
pounds produces their corresponding oxides which are stable up
to 1000 ◦C, the temperature to which compounds were heated.
The negative entropy values for both the compounds differ only
by �S* = 15 J mol−1 K−1. 1 follow 3/2 order of pyrolysis whereas
2 show 2nd order reaction process. By comparing the activation
free energies for both the complexes, it is apparent that H-QMP
produces more stable complex with nickel than cobalt. This is fur-
ther evidenced by the values for enthalpy change and activation
energy terms. The degradative routes for both 1 and 2 are shown
below in Schemes 4 and 5, respectively.

For 3, the thermal degradation starts at 140 ◦C and ends at
210 ◦C. The initial products are coordinated water and the iso-
cyanic acid, an intermediate for cyanoric acid. In the second stage
of degradation, started at about 230 ◦C, two  moles of carbon diox-
ide is produced. In the third step ranging from 390 ◦C to 520 ◦C, the
ligand based degradation occur, producing quinolone and phenol.
Copper metal remain as residue as shown in Scheme 6. DTA peaks
are consistent with the degradative products produced. There are
three DTA peaks for first stage of pyrolysis, one for second and one
for third. All the DTA peaks are negative except for the third stage
which is +120. The entropy value for 3 is −262.74 J mol−1 K−1 indi-
cating that the degradation reactions are slower than the normal
reactions. The low activation energy value for 3 may  be attributed to
less stable complexes of the H-QMP ligand. The high value of activa-
tion free energy shows that the degradation process is endergonic

with almost zero enthalpy change. The degradation is following the
5th order reaction process.

At about 100 ◦C, thermal degradation process of 4 was  started,
releasing 0.5 mole of water and the same amount of nitric oxide.
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Table 3
Thermoanalytical results of H-QMP and its complexes.

Compound TG temperature
range (◦C)

Decomposition
temperature (◦C)

Stage Mass loss DTA Moiety evolved

% calculated % found

H-QMP 30–610 200 I 101.4 100 (−)26,
(−)18, (−)26.5, (+)0.30, (+)10.78

1/2NO, 1/2CO, C2H2, C7H5N, C6H5
•

1 30–140 240 I 7.6 8.2 (−)10 C2H5OH (in crystal lattice)

140–320  II 9.3 8.0 (−)13, (−)15 2HCN

320–400 III 77.0 79.8 (−)12, (+)118 C18H12N2, C10H8O, 2CO

>400  Res 13.3 13.1 – NiO

2 30–120 190 I  5.5 5.5 (+)2 CH3OH

120–300  II 9.8 9.7 (−)2 2HCN

300–400  III 67 71.5 (−)9,
(+)81.5

C18H12N2, C10H8O, 2CO

>400  Res 12.8 12.9 – CoO

3 30–210 310 I  16.0 16.7 (−)0
.5, (−)5.6, (−)9.3

H2O, HOCN

210–390  II 22.7 23.4 (−)19
.0

2CO2

390–520 III 56.3 49.2 (+)120 C6H6O, C9H7N

>520  Res 16.2 15.3 – Cu

4 30–100 180 I  5.6 6.0 (+)2, (−)6 1/2H2O, 1/2NO

100–370  II 57.2 55.3 (−)10, (−)9 C9H6N• , C6H5O•

370–560 III 26.3 25 (+)46 2CO, CO2, 2H2

>560 Res 16.0 15.0 – ZnO

Table 4
Kinetic and thermodynamic parameters of H-QMP and its metal complexes.

Compound Ts (K) E* (kJ/mol) �H* (kJ/mol) �G* (kJ/mol) �S*, (J mol−1 K−1) Order of reaction, n

H-QMP 608.7 61.01 62.76 190.96 −210.62 1
1  727 51.85 54.05 246.85 −265.21 3/2

187.82 −250.26 2
170.45 −262.74 5
145.17 −236.15 5

T
f
a
l
c
a
e
m
d
o
e
p
o

c
o
s
d

C18H16N2O4Zn → 1/2H2O + 1/2NO + C18H15NO2Zn I Stage

C18H15NO2Zn →   C9H6N
•
+ C6H5O

•
+ C3H4O2Zn II Stage

C3H4O2Zn + O2 → 2CO+ CO2+ 2H2+ ZnO (Residue) III Stage
2  697 11.30 13.38 

3  588.1 13.79 15.97 

4  562 10.50 12.46 

he second stage completes at 370 ◦C, quinoline and phenol in the
orm of free radicals are released. Two moles of carbon monoxide
nd hydrogen gas, and one mole of carbon dioxide are produced
eaving zinc oxide residue. Five DTA peaks are observed during the
omplete degradation process. In the first stage one endothermic
s well as one exothermic peak is observed. Both the peaks are
xothermic in the second stage, whereas in the third step endother-
ic  peak can be seen. Fifth order kinetics is followed during the

egradation process of 4. −236.15 J mol−1 K−1 represents entropy
f the process. The change in Gibb’s free energy term is low with low
nthalpy value, representing exogonic process. This is further sup-
orted by the low activation energy value. The degradation route
f 4 can be seen in Scheme 7.

From the Td values of all complexes it can be established that

opper(II) complexes are stable. The order of stability varies in the
rder Cu(II) > Ni(II) > Co(II) > Zn(II) which follow the Irving William
eries of stabilities. From the activation energies the order of
ecreasing activation energy is E∗

Ni > E∗
Cu > E∗

Co > E∗
Zn.
Scheme 7. Thermal degradation of 4.

5. Conclusion

Novel nickel based urease inhibitor has been reported here
which is found to be selectively involved in the urease inhibition
with low inhibition of the chymotrypsin. Therefore a new metal
based therapeutic agent can be developed for the treatment of vari-

ous diseases like ulcers, kidney related diseases, coma, etc. Complex
1 was  the most active inhibitor of urease with IC50 = 9.9 ± 0.124 �M,
comparable to the most potent urease inhibitors reported.
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olecular docking was used to examine the likely binding orienta-
ion of 1 in the active site of urease enzyme from Bacillus pasteurii.
obalt, copper and zinc centered metal complexes were found inac-
ive against both urease and chymotrypsin enzymes.

All the metal complexes show three step decomposition process
hereas the corresponding ligand show a single step decomposi-

ion. Activation energies and order of the decomposition processes
ere investigated by Horrowitz method and the thermodynamic
arameters were calculated by using the corresponding equations.
he high thermal stability is shown by 3 or copper complex of
he H-QMP ligand and it was concluded that the order of sta-
ility is Cu(II) > Ni(II) > Co(II) > Zn(II). Therefore it can be revealed
hat H-QMP may  lead to greater stability in case of distorted
etrahedral geometry. This order is also consistent with Irving

illiam series. From the activation energies it was found that the
rder of decreasing activation energies for the metal complexes
s E∗

Ni > E∗
Cu > E∗

Co > E∗
Zn whereas H-QMP displayed higher activa-

ion energy than either of its complexes. Except for 3 all the metal
omplexes decomposed to produce the corresponding oxides as
esidues, for 3 the residue was found to be copper metal.
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